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1. Introduction
The Rel-17 additional enhancements for NB-IoT and LTE-MTC WI was approved at RAN#86 and updated at RAN#88e [1]. RAN4#99e is the first meeting for RRM session to discuss the impact and work of RRM requirements for this WI. Some issues regarding to the neighbour cell measurement in connected state of NB-IoT are already discussed in RAN4#98-bis-e meeting to answer the question raised in RAN2’s LS and the response from RAN4 is replied in the LS [2] and the WF is agreed [3]. In this paper, we present our views on the related RRM requirements for this WI.
2. Discussion
According to the updated WID [1], the objectives are as follows: 
	· Specify 16-QAM for unicast in UL and DL, including necessary changes to DL power allocation for NPDSCH and DL TBS. This is to be specified without a new NB-IoT UE category. For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased. [NB-IoT] [RAN1, RAN4]
· Extend the NB-IoT channel quality reporting based on the framework of Rel-14—16, to support 16-QAM in DL. [NB-IoT] [RAN2, RAN1, RAN4] 

· Support additional PDSCH scheduling delay for introduction of 14-HARQ processes in DL, for HD-FDD Cat M1 UEs. [LTE-MTC] [RAN1]

· Specify signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps. [NB-IoT] [RAN2, RAN4].

· Introduce support for NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration (e.g. maximum repetitions UL/DL, DRX configurations, etc.). [NB-IoT] [RAN2, RAN3]

· For UEs supporting PUSCH sub-PRB resource allocation, study and if found feasible, specify support power reduction for PRACH, PUCCH, and full-PRB PUSCH, with a maximum reduction of e.g. 3 dB below sub-PRB PUSCH power. [LTE-MTC] [RAN4]

· Add a Rel-17 optional UE capability to support a maximum DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE mode A only. [LTE-MTC] [RAN1, RAN2]
· Determine soft buffer size [RAN1]
· Capability signaling without introducing a new UE category [RAN2]
· There shall be no changes to: DCI formats, TBS tables, CQI tables
· This objective begins work from RAN#90, i.e. December 2020




Based on the objectives in the WID, no RRM requirements for eMTC is foreseen. The only RRM related work is about the neighbour cell measurement in connected state for NB-IoT which has been discussed in the last RAN4 meeting. 
Proposal 1: For Rel-17 additional enhancements for NB-IoT and LTE-MTC WI, discuss the following RRM requirements:
· Neighbour cell measurement in CONNECTED state of NB-IoT before RLF
In the last RAN4 meeting, companies have discussed the issues related to the questions asked by RAN2 in terms of feasibility of conducting neighbour cell measurement in different scenarios, detection and measurement time, known conditions, etc. As this is the first meeting to analysis the RRM core requirements for this WI, we provide our views in this paper and try to identify the related word needs to be done in the following meetings.
2.1 Triggering and stopping mechanism 
There was some initial discussions about the triggering and stopping mechanism in last RAN4 meeting, and it was agreed that it is up to RAN2 to have the design and to make the decision. If there is any issue identified during the discussion in RAN2, RAN2 can further check with RAN4 if necessary. 
Observation 1: Up to RAN2 to decide the triggering and the stopping mechanism. If any issue is identified in RAN2, RAN2 will further check with RAN4 if necessary.
Then based on the agreements in the last meeting, there is no need to further discuss the triggering and stopping mechanism in RAN4. Thus, for this part, we provide some of our observations based on some initial analysis. In the last meeting, companies discussed whether the neighbour cell measurement should be triggered by OOS. As mentioned above, it is up to RAN2 to have this specific design. We provide some analysis from RAN4’s perspective to have some general understanding about this question and may help the discussion on other issues. 
If we take the RLM test cases for NB-IoT (A.7.3.88 OOS normal coverage), UE could only indicate OOS when the channel condition is very bad and at least for a long period of time. As shown in the fig below, the SNR condition of T3 is defined as -14.1 dB and T3 is 5.12s. It means UE could indicate OOS 5 seconds after the point when the channel has become very bad. And the UE is not allowed to indicate OOS when the channel condition is not bad enough (OOS not allowed during T2 with -9.1 dB). Usually, when channel condition is poor (e.g. lower than -14dB in normal coverage), UE needs more repetition number for NPDCCH detection and data reception and transmission. Based on the agreements on the conditions when UE could perform measurement for scenarios B/D/E, UE shall not interrupt the operation on serving Cell. It means under such situation, UE has few opportunities to do neighbour cell detection and measurement as UE needs more repetitions to increase the robustness. Secondly, when the first OOS is triggered, the longest time before T310 starts is 200 ms. It is derived by assuming the longest N310 and the 10ms interval between OOS defined in TS 36.133 7.23.2.1. Consider that the time needed for cell detection for a cell in normal coverage is 1400ms, the time left for neighbour cell measurement is rather short.


Fig.1 SNR configuration of T1-T4 in RLM test cases in normal coverage (A.7.3.88)
Observation 2: From the perspective of enabling the neighbour cell measurement before RLF, UE should start the measurement earlier than OOS for the following reasons:
· OOS indication implies that the channel condition is already extremely low for a certain period of time.
· Large number of repetitions are needed for transmission and reception which leaves few opportunities for measurement on other frequency layers.
· Time could be used for neighbour cell measurement before RLF is insufficient.  
As mentioned at the beginning, how this neighbour cell measurement could be triggered is up to RAN2 to decide. The observations above may help RAN 4’s discussion of related issues.
2.2 Measurement when the carrier frequencies of serving cell and of measurement neighbour cell are different
Based on the discussion in the last meeting, companies first came up with the absolute time needed for cell detection and measurement. For scenarios A/C, it is quite straight forward as UE can do detection and measurement anytime. For instance, upon the neighbour cell measurement is triggered, UE can detect a cell on the same frequency layer within 1400ms in normal coverage if UE is only configured to do measurement on this frequency layer. But for scenarios B/D/E, where the carrier of neighbour cell are different from the carrier of serving cell. Though the absolute time needed to detect/measure a cell is same, but UE could only use the occasions without causing interruptions as shown below
	· When the carrier frequencies of serving cell and of measurement neighbour cell are different (scenarios B/D/E), UE can perform neighbour cell measurement without gaps without causing interruptions to serving cell using any occasion where the UE is not scheduled which includes any of the following:
· Vacant slots not scheduled for data transmission, i.e. when not required to do data transmission/reception 
· When not required to do NPDCCH monitoring
· during the DRX inactive period i.e. when the UE is configured with DRX. 
· The time needed for cell detection subjects to the actual measurement occasions, and the overall time for cell detection will be longer if UE is configured to perform neighbour cell measurement on multiple frequency layers.



For example, if UE is configured to perform neighbour cell measurement on another frequency layer, UE could only use the occasions for measurement when it is not for NPDCCH motoring or data transmission/reception or in on duration when configured with DRX. So the essential difference from the measurement in idle mode is that the length of DRX cycle is not equivalent to the length of measurement occasions. We give an example as follows

[image: ]
Fig2. Measurement occasions when neighbour cell is on a carrier different from the serving cell.
For example, if the drx-cyle is configured as 1024 sf, which is shorter than the time needed for cell detection in normal coverage which is 1400 ms. And on duration timer is represented as the number of PDCCH period, which is decided by the Rmax and G. UE could only use the multiple measurement occasions to detect the cell in this carrier. As shown in the example, when UE detects the DCI which schedules the DL/UL data reception/transmission, UE shall stay active and the vacant time within drx cycle could be very short. Especially when the channel quality is becoming worse, the repetition number of NPDCCH monitoring and data reception is expected to be much higher, which means the whole drx cycle could be occupied. For cell detection, UE need to detect the target cell based on NPSS/NSSS. If the available occasion is rather short (occasion B in Fig.2), UE is not preferred to switch to another carrier for neighbour cell measurement and switch back to the serving cell. The reason is that the periodicity of NPSS and NSSS is 10 ms and 20 ms, considering the time needed for RF switching and switching back, it is not worth performing the neighbour cell measurement using this occasion as UE may only get several samples or even nothing. What's worse, it is the common assumption that UE may wake up before the on duration to do time tracking for NPDCCH monitoring, the corresponding time period shall also be included within the occasion. In this way, in the example, UE may only use occasion A and occasion C for neighbour cell measurement. Then a consequential question raises, as there is no specific gap, the interval between two feasible measurement occasions cannot be guaranteed. For example, if the interval between occasion A and occasion C is very long (e.g. longer than 5 seconds), UE may not be able to use this occasions together for neighbour cell detection and measurement. And there is similar descriptions in LTE and NR. Then considering the distinctive approach to perform inter-frequency measurement (opportunistically without specific gap), the minimum length of a measurement occasion and maximum interval shall be considered when defining the RRM requirements. 
Observation 3: The minimum length of a measurement occasion and maximum interval shall be considered when defining the RRM requirements for neighbour cell measurement on carrier frequency which is different from the serving cell.
Regarding the maximum interval between two occasions, it is reasonable to take the 5 second as the starting point which is used in the known cell conditions. For the minimum length of a measurement occasion, considering the time for RF switching and switching back, and time needed for time tracking after UE switches back to the serving carrier. The minimum length of a measurement occasion is proposed to be 400 ms for normal coverage.
Proposal 2: When the target frequency carrier is different from the serving carrier, the maximum interval between two occasions shall be less than 5 seconds and the minimum length of as measurement occasion shall be at least 400 ms for normal coverage.
2.3 Normal coverage and enhanced coverage 
As also elaborated during the last meeting, we have provided the time needed for cell detection and measurement in both normal and enhanced coverage. It could be observed that the time needed for searching a cell in enhanced coverage is considerably more than what is needed in normal coverage (14800 ms vs 1400 ms). The new neighbour cell measurement is not “routine measurement”, which probably could only be triggered when the channel condition is deteriorating and the RLF and RRC re-establishment is going to happen. In this way, UE shall utilize the limited the measurement occasions wisely to find a suitable cell before RLF and re-establish the link to this cell quickly without cell searching. If UE is required to detect a cell in enhanced coverage, the time for cell detection is longer than what is needed for a UE to detect a cell in more than 10 frequency carriers. 
Observation 4: Neighbour cell measurement in connected state is not “routine measurement”, which could only be triggered when the channel condition is deteriorating and the RLF and RRC re-establishment is going to happen, and UE shall utilize the limited the measurement occasions wisely to find a suitable cell before RLF.
We also give an example to elaborate the situation here. Also based on the test cases for RLM as mentioned above. The maximum time for UE to do measurement is 20*10ms + 8000 ms before RLF. The time for cell detection for a cell in enhanced coverage is 14800ms (shown below).  No to mention the 14800 ms is the absolute time that UE needs. Considering that UE could only use the time period without data, the real time could be much longer. It means if UE is required to do detection/measurement for a cell in enhanced coverage, UE could use all measure occasions before RLF and still cannot complete the detection. And UE also losses the chance to search a cell on other frequency layers. UE may start the neighbour cell measurement very early when the channel is till good without any degradation.
[image: ]
Fig 2. Timeline for neighbour cell measurement in enhanced coverage
Observation 5: The neighbour cell measurement in enhanced coverage shall be deprioritized for the following reasons:
· Time needed for detection/measurement of a cell in enhanced coverage is extremely longer than what is needed for a cell in normal coverage.
· UE may fails to find a suitable cell as the measurement occasions are limited before RLF and the cell detection of a cell in enhanced coverage will occupy almost all occasions.
· UE needs to start neighbour cell measurement long before RLF when the channel condition may haven’t change at all.
Proposal 3: The neighbour cell measurement of a cell in enhanced coverage shall be deprioritized from RAN4’s perspective.
2.4 Multiple frequency layers
Another issue should be addressed is when a UE is configured to perform neighbour cell measurement in multiple frequency layers. In the existing requirements (e.g. LTE or NR), there is requirements about measurement capabilities about the maximum number of frequency layers that UE could perform measurement on and the delay is scaled by the number of layers. For NB-IoT, RAN4 should also define the number of layers and the delay shall also be scalded. For the number of frequency layers, it is reasonable to reuse the same requirements for IDLE mode that UE shall be capable of monitoring at least one intra-frequency carrier and at least 2 inter-frequency carrier, and the measurement/detection delay shall be scalded by number of frequency carriers.
Proposal 4: For neighbour cell measurement in connected state, UE shall be able to monitoring at least the carrier which is same as the serving carrier and at least two carriers which are different from the serving carrier. Then detection/measurement delay shall be scaled by the number of carriers.
3. Conclusions
Proposal 1: For Rel-17 additional enhancements for NB-IoT and LTE-MTC WI, discuss the following RRM requirements:
· Neighbour cell measurement in CONNECTED state of NB-IoT before RLF
Observation 1: Up to RAN2 to decide the triggering and the stopping mechanism. If any issue is identified in RAN2, RAN2 will further check with RAN4 if necessary.
Observation 2: From the perspective of enabling the neighbour cell measurement before RLF, UE should start the measurement earlier than OOS for the following reasons:
· OOS indication implies that the channel condition is already extremely low for a certain period of time.
· Large number of repetitions are needed for transmission and reception which leaves few opportunities for measurement on other frequency layers.
· Time could be used for neighbour cell measurement before RLF is insufficient.  
Observation 3: The minimum length of a measurement occasion and maximum interval shall be considered when defining the RRM requirements for neighbour cell measurement on carrier frequency which is different from the serving cell.
Proposal 2: When the target frequency carrier is different from the serving carrier, the maximum interval between two occasions shall be less than 5 seconds and the minimum length of as measurement occasion shall be at least 400 ms for normal coverage.
Observation 4: Neighbour cell measurement in connected state is not “routine measurement”, which could only be triggered when the channel condition is deteriorating and the RLF and RRC re-establishment is going to happen, and UE shall utilize the limited the measurement occasions wisely to find a suitable cell before RLF.
Observation 5: The neighbour cell measurement in enhanced coverage shall be deprioritized for the following reasons:
· Time needed for detection/measurement of a cell in enhanced coverage is extremely longer than what is needed for a cell in normal coverage.
· UE may fails to find a suitable cell as the measurement occasions are limited before RLF and the cell detection of a cell in enhanced coverage will occupy almost all occasions.
· UE needs to start neighbour cell measurement long before RLF when the channel condition may haven’t change at all.
Proposal 3: The neighbour cell measurement of a cell in enhanced coverage shall be deprioritized from RAN4’s perspective.
Proposal 4: For neighbour cell measurement in connected state, UE shall be able to monitoring at least the carrier which is same as the serving carrier and at least two carriers which are different from the serving carrier. Then detection/measurement delay shall be scaled by the number of carriers.
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